
An Empirical Analysis of 
the Leontief Paradox in US 

Agricultural Trade 
Chinkook Lee 
Darryl Wills 

Gerald Schluter 

The labor, land, and capital intensities of US agricultural trade during 1982 
are examined through an input-output model. The empirical findings indicate 
that factor endowments are important determinants of US agriculture’s com- 
parative advantage in international trade. In contrast to the Leontief Paradox, 
US agricultural exports tend to be more land and capital intensive while 
agricultural imports are more labor intensive. 

THE LEONTIEF PARADOX, CONTINUED 

In the pure theory of international trade, patterns of trade are mainly determined 
by differences in relative factor endowments. According to the well known Heck- 
scher-Ohlin (H-0) theory, a nation will export the commodity whose production 
requires the intensive use of the nation’s relatively abundant and cheap factor and 
will import the commodity whose production requires the intensive use of the 
nation’s relatively scarce and more expensive factor. 

In a pioneering study Leontief examined the capital and labor intensities of US 
trade. Since the United States was considered the most capital abundant nation in 

1 the world, Leontief expected to find that it exported capital intensive com- 
modities and imported labor intensive commodities, in compliance with the H-0 
theory. His finding was contrary to this expectation: The US exported labor in- 
tensive goods and imported capital intensive goods. This unexpected result is well 
known as the Leontief Paradox. Since that time, numerous empirical studies have 
been conducted to re-examine the paradox. Jones and Kenen (See ref. 2, pp. 480- 
485) summarize in great detail recent developments in the examination of the 
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Leontief Paradox. Today, in somewhat modified form, Leontief’s procedure con- 
tinues to be a standard method for the analysis of the factor content of trade. So 
far, however, no firm empirical conclusions have repudiated Leontief’s basic find- 
ings. 

In general there seem to be three main objections to Leontief’s methodology. 
First, Leontief used a two-factor model (labor and capital), thus abstracting from 
other factors such as natural resources (land, climate, mineral deposits, forests, 
etc.). However, a commodity might be intensive in natural resources so that class- 
ifying it as either capital- or labor-intensive with a two-factor model would clear- 
ly be inappropriate. J. Vanek3 thought that this point helped explain the Leontief 
Paradox and argued for restoring the traditional triad of capital, labor, and land 
in the consideration of factor endowments. Robert Stern (See ref. 4, p. 11) is also 
critical of an approach that excludes natural resources. He argues that both capi- 
tal and labor are required to modify natural resources to give them economic 
value, and that countries may combine these factors in somewhat different propor- 
tions when producing natural resource-based products. Moreover, since primary 
commodities move in raw and processed forms, there may be a need to explain 
the basis for such specialization. 

A second objection is that Leontief’s results may reflect US tariff policy rather 
than factor intensity. According to this objection, since most heavily protected in- 
dustries in the US were labor intensive industries, the tariff policy biased the pat- 
tern of trade and reduced the labor intcnsity of US import substitutes, thus con- 
tributing to the existence of the Leontief Paradox. 

Perhaps the most extensive argument made in the literature objecting to 
Leontief’s result was the fact that Leontief included in his measure of capital only 
physical capital (such as machinery, equipment, buildings, etc.) and completely 
ignored human capital. Human capital refers to expenditures on education, job 
training, and similar expenditures that increase labor productivity. Leontief’s 
critics implied that since US labor embodies more human capital than foreign 
labor, adding the human capital component to physical capital would clearly make 
US exports more capital intensive than US import substitutes. 

What then is the current state of the evidence regarding the Leontief Paradox? 
As an empirical phenomenon in any of several forms, it seems to have generated 
continued interest. However, its stubborn persistence in the data from the earlier 
decades continues to cast difficulties similar to Leontief’s original findings. In a 
recent publication Leontief indicated that while many attempts have been made, 
his original findings remain a paradox in the literature and still neither unam- 
biguously refuted or confirmed due to the lack of methodological standards. The 
methodological problems are: 

(1) Capital requirements per unit of output and the units in which capital is 

( 2 )  Technical data for a single year are sometimes assumed to apply for other 

(3) Sometimes only direct rather than total requirements are computed be- 

(4) Typically the factor requirements to produce replacement capital are ig- 

(5) Sometimes trade in only manufactured goods or other portions of the 

measured are not standard. 

years as much as a decade later. 

cause of computational constraints. 

nored. 

trade bill is considered (See ref. 5, p. 2.3). 
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The analysis presented in this paper which examines the Leontief Paradox takes 
a different form. In contrast to past studies, which mostly examined factor inten- 
sities in US manufacturing trade, our analysis is on the factor intensities in US 
agricultural trade. Since we have detailed resource use, production, and trade data 
for the agricultural sectors of the US economy, the factor content of agricultural 
trade can be measured appropriately as total factor production requirements of 
agricultural trade on an economy-wide basis. Furthermore, in addition to the tradi- 
tional factors of capital and labor, the focus on agricultural trade makes it useful 
to examine the land intensities of traded goods as well. In addition, we attempt to 
eliminate some of what Leontief described as a “lack of standards.” First by using 
the 1977 1/0 technology matrix-the latest available-with 1982 trade data, we 
reduce the problem of using outdated technical data. Second, by using an 1/0 in- 
verse matrix, we are able to estimate total factor requirements, both direct and in- 
direct. Third, the capital expenditure series used in our analysis is comparable to 
the ca ital replacements data used by Leontief. Finally, we use a 47-sector 1/0 
model reconstituted from the original 537 sectors to emphasize the sectors that 
produce agricultural products. 

g 

AGRICULTURAL OUTPUT AND TRADE 

Table I shows the 47-sector model which contains 16 agricultural sectors (sectors 
1 through 16) and 14 food processing sectors (17 through 26,30,31,35, and 41). 
The table contains the value of sector outputs; coefficients of labor, land, and capi- 
tal required per million dollar output; and the value of exports and imports. The 
trade data used are official estimates of agricultural trade by USDA7. 

Agricultural products valued at $36.6 billion were exported from the US in 
1982. Concurrently, the US imported $15.2 billion worth of agricultural com- 
modities of which $5.3 billion were imports of complementary products such as 
bananas, coffee, and tea that do not compete directly with domestic agriculture. 
On the other hand, about $9.9 billion of 1982 imports were supplementary com- 
modities that could have been produced domestically and thus are, to some de- 
gree, competitive with US agricultural production. These supplementary agricul- 
tural imports are primarily processed or partially processed foods. Conversely, 
our export market tends to include more raw agricultural products, such as grains 
and soybeans. Since Leontief omitted complementary products in his factor in- 
tensities calculation, we will also omit them from the calculation. 

Among the 16 farm sectors,Fruits (sector lo), Tree Nuts (sector l l ) ,  and Forest, 
Greenhouse, & Nursery (sector 16) are relatively labor intensive sectors, with 
Forest, Greenhouse, and Nursery being the most labor-intensive farm sector. Even 
though mechanization is important, the growing of fruits, nuts, and greenhouse 
products still requires more direct labor per unit of output than any other sector 
in the agricultural sectors. 

The foodgrains sector had the highest land-output ratio at 12,350 acres per mil- 
lion dollars output. This was almost twice as land-intensive as the feedgrain sec- 
tor which used 7185 harvested acres per million dollars output and can largely be 
explained by lower yields. Grass seeds (sector 8) and Oil Bearing Crops also used 
land intensively requiring 7121 and 5099 harvested acres, respectively, pcr mil- 
lion dollars output. 
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Table I also shows that the farm sectors have very high ratios of capital pur- 
chases to output. Tobacco, Food and Feed Grains, and Sugar Crops head the list, 
each requiring over $200 thousand for each million dollars of output. For Tobac- 
co farm products, drying and curing barns require a great deal of structural and 
equipment costs per unit of output. Sugar beets and sugarcane have the highest 
capital replacement requirements per planted acre of all the crops according to 
USDAestirnates.' For food and feed grains, very large acres are needed to produce 
a million dollars worth of output. Since land and capital tend to be complemen- 
tary inputs, the large acreages in turn require large purchases of capital. 

ESTIMATING PROCEDURES 

The Leontief inverse matrix of input-output coefficients is multiplied by the ex- 
port vector ( X )  and import replacement vector ( M ) ,  each comprising repre- 
sentative bundles of final delivery of agricultural products. This yields a total 
(direct and indirect) interindustry demand for output to deliver one million dol- 
lars worth of agricultural exports and import replacements respectively. The 
resulting vector of total interindustry demand is premultiplied by a row vector of 
factor/output coefficients yielding total factor requirements for one million dol- 
lars worth of final demand. The computational procedure is as follows: 

for labor: EII - A]-' X and EII - A]-' M (1) 
for capital: K [ I  -A]-'  X and K [ I  - A]-' M (2) 
for land: L[I - A]-' X and L[I - A]-' M (3) 

where E ,  K, and L are row vectors of labor, capital, and land coefficients per mil- 
lion dollar of output, respectively; [ I  - A]-' is an inverse matrix of interindustry 
input coefficients; X is a column vector of exports totaling one million dollars as 
prorated from actual export values; M is a column vector of competitive import 
replacements totaling one million dollars. 

T H E  LEONTIEF PARADOX AND US AGRICULTURAL TRADE, 1982 

Table I1 shows a selection of the results of Leontief and others which is adopted 
from Jones and Kenen . Row 3(c) shows the capital/labor ratio in imports as a 
fraction of the capital/labor ratio in exports. Leontief's calculation of 1.3 for that 
ratio in 1947 is substantially greater than one, indicating the paradox of relative- 
ly capital intensive imports. Subsequent studies by Leontief and Baldwin, also 
shown in that row, reconfirm the paradox with both 1951 and 1962 trade with 
ratios of 1.02 and 1.14, respectively. However, still more recent studies typified 
by Stern and Maskus show the disappearance of the paradox in more recent years 
(0.95 for 1972). The table also shows that the ratio of capital/labor in row 3(c) 
falls in all three studies when natural resources industries are excluded which in- 
dicates capital intensity of natural resources industries. Our estimates are shown 
in the last two columns of the table. In 1982, for example, to export $1 million 
dollars of agricultural products, $276 thousand worth of new capital investments 
were also needed of which $179 thousand was for new equipment. Nearly 4700 
acres of land and about 27 worker-years were also needed. For each million dol- 
lars of agricultural imports $212 thousand of new investment, more than 1200 

2 
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acres of land, and 32.9 worker-years of labor would have been required to produce 
these products domestically. 

Land/labor and capital/labor ratios were much higher for exports (1 73.0 acres 
and $10,212) than import replacements (37.9 acres and $6442). This is due to the 
fact that US agricultural exports consist largely of farm products, while imports 
consist primarily of processed foods. These ratios contrast with those of previous 
studies. For example, the labor ratio of agricultural trade (imports/exports) was 
1.21 compared to Leontief’s 0.93 (for 1947) or 0.96 (for 1951), Baldwin’s .91 (for 
1962), and Stern and Maskus’ 0.98 (for 1972). The capital ratio of agricultural 
(imports/exports) was 0.77 compared to Leontief’s 1.21 (for 1947), Baldwin’s 
1.14 (for 1962), and Stern and Maskus’0.92 (for 1972). The capital/labor ratio of 
agricultural trade (imports/exports) was 0.63 compared to Leontief’s 1.30 (for 
1947), Baldwin’s 1.27 (for 1962), and Stern and Maskus’ 0.95 (for 1972). The 
land-labor ratio per unit of output was much higher for agricultural exports (1 73.0 
acres/worker-year) than import replacements (37.9 acredworker-year, Table 11). 
These three ratios are significant for the agricultural sectors because they arc con- 
trary to Leontief’s findings. Thus, no Leontief Paradox could be found in agricul- 
tural trade. Rather, the analysis of agricultural trade showed that capital-intensive 
agricultural products were exported while import replacements used labor-inten- 
sive production practices. 

Table 111 presents the factor requirements of one million dollars agricultural 
trade in  six broadly defined sectors. To export one million dollars of agricultural 
products required 12.7 worker-years in  the farming sector, 7.2 worker-years in the 
food processing and 2.5 worker-years in the wholesale and retail trade sector. The 
farming sector accounted for nearly half of agricultural exports and as a result its 
total demand for factor inputs was the largest. In the case of imports, however, 
processed foods make up the bulk of trade and consequently total trade-based 
demand for factor inputs used in this sector was the largest. 

The dominant statistic in this table is the relatively high purchases of equip- 
ment by the farm sector. Because raw agricultural commodities account for a 
larger portion of US agricultural exports than of imports this fact alone accounts 
for nearly all the difference in capital intensity between exports and imports. The 
“total” row of Table I1 presents the factor intensity estimates for all agricultural 
trade, including the farm sector. The capital-labor ratio for capital and labor 
needed in the farm sector for exports was $14,581 compared to $7009 for imports. 
The land-labor ratios show that exports use land more intensively than imports 
for both farm commodities (325.9 for exports vs. 58.2 for imports) and processed 
food (75.4 for exports vs. 35.7 for imports). 

SUMMARY AND CONCLUSIONS 

This article analyzed the capital, labor, and land intensities of US agricultural 
trade and examined the applicability of the Leontief Paradox to US agricultural 
trade for 1982. Since most of the literature on factor intensity of US trade is 
limited to trade in manufacturing, this study provides an additional look at the 
factor intensity of trade. 

Several interesting aspects of the factor requirements of trade are revealed. 
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First of all, agricultural exports are heavily land-intensive compared to imports. 
This is because most agricultural exports are farm products while most agricul- 
tural imports are processed food products. Thus, land use for import substitutes 
of one million dollars was about a fourth that of exports. 

Second, our labor estimates show that worker-years required per million dol- 
lars output are much smaller than previous labor estimates. This appears to be the 
result of three factors. First of all, because of price increases, one million dollars 
of output represents less real output today than in 1947. Second, with increases 
in productivity, labor/output coefficients have declined in all industries since the 
previous studies were done. Third, while labor productivity has increased 
throyghout the economy, farm labor productivity has increased at  a much faster 
rate. 

Third, the scarcity of labor in the US relative to other countries explains our 
results that land- and capital-intensive production technologies are used to com- 
Pete with foreign goods. The analysis of US agricultural trade signals this con- 
clusion: the United States is relatively well endowed with capital and land and 
this may form the basis for a comparative advantage in agricultural production. 
As a result, the patterns of US agricultural trade are as suggested by the H-0 
theory. 

Addressing the specific question of whether the H-0 model is an adequate 
description of the realities of US agricultural trade, is difficult since much of US 
agriculture and that of our major trading partners is heavily supported through 
subsidies. Thus, agricultural trade is far from free. However, these government 
interventions do not appear to have distorted the general pattern of agricultural 
trade that one would expect. In this light, US agricultural trade is still in line with 
the H-0 theory. 
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